The high-temperature gas-cooled reactor ensures the smooth flow of helium in the reactor. At the same time, the high-temperature flowing gas also has a great impact on the equipment. In this paper, through the finite element numerical simulation analysis of the rod part in the equipment, according to the expansion mechanism of fatigue crack in fracture mechanics, combined with the actual material parameters of the inner rod, the residual fatigue life is calculated. It has certain guiding significance for the calculation of residual fatigue life of high temperature gas cooled reactors.
Introduction
As the structural basis for the functions, the high-temperature gas-cooled reactor directly affects its safe running [1, 2] . Once an accident occurs, it may cause radioactive pollution and threaten environmental safety [3] . Since the equipment is subjected to a certain external pressure both under the circumstances of normal operation and an accident [4, 5] , all these loads have a great influence on its life. Therefore, it is necessary to carry out detailed calculation and analysis on the fatigue life of the high temperature gas-cooled reactor [6] .
In this paper, based on the finite element numerical simulation of the inner rod part of the reactor, the complex operating conditions of the reactor are simulated. Therefore, the weak points are identified, and the weak links are analyzed. Then based on the simulation output results, which includes the overall simulation results and key part simulation results, and combined with the actual material parameters of the inner rod, the fatigue life is calculated.
Theoretical Analysis on Mechanics
In fracture mechanics theory, the stress intensity factor is usually expressed as
(1) Where:  -nominal stress; a -crack size;  -shape factor (related to crack size, position, etc.). Aiming at fatigue crack propagation, many calculation formulas for crack growth rate have been proposed. Among them, the most widely used in engineering is the Paris formula, and the Paris formula is expressed as
Where: C and m the fatigue crack propagation parameters, which are the material constants related to the test conditions (environment, frequency, temperature, etc. 
In practical engineering, the component is rarely subjected to constant amplitude stress. On the other hand, in most cases, it is subjected to variable amplitude stress. Under variable amplitude loading, there are interactions between different load cycles, so the load sequence affects the fatigue crack growth life. In general, for the sake of application, the effect of the load sequence is not considered. The Paris formula applies to constant amplitude stress. Under the variable amplitude stress, the formula (7) cannot be directly used. Therefore, the Miner criterion is used to convert the variable amplitude stress into the corresponding equivalent constant amplitude stress, and then the equivalent constant amplitude stress is brought into the equation (7), finally the residual fatigue life of the component is obtained.
Finite Element Numerical Simulation
Based on the mechanics simulation, the finite element simulation model of the equipment is established according to the boundary conditions, constitutive equations, physical property calculation methods, and the dimensions as well as the material parameters of the equipment. Then, load exactly as the actual working conditions. The mechanical simulation analysis under the force load condition is completed. Simulation analysis of the whole rod and key parts of the inner rod is shown in Figure 1 and Figure 2 .
According to the actual working conditions and fatigue life calculation requirements, in the following calculation of the life, the whole process of "stationary-rising-stationary-down-stationary" is recorded as one time, which is also in line with the project. The simulation results of weak area are shown in Table 1 
Calculation of Fatigue Life

Material Parameters of Weak Area
According to the document HS1T107230JDA2002EN001 Assembly Specification on Control Rod and the output of simulation, the material of the inner dangerous part is Incoloy800. The mechanical and fatigue crack propagation parameters of Incoloy 800 were determined by consulting the relevant literature, as shown in Table 2 . 
Fatigue Life Calculation Based on Probability Fracture Mechanics
In the evaluation of the residual fatigue life of the structure by the linear elastic fracture mechanics method, the parameters are considered as deterministic quantities. However, due to the influence of subjective and objective factors, there are great uncertainties in these parameters, such as material performance uncertainty, randomness of applied loads, uncertainty in crack shape simplification, and uncertainty in dimensions of cracks caused by non-destructive testing, etc. Therefore, it is necessary to introduce the method of probability and statistics in fracture mechanics. The method formed by combining fracture mechanics and probability and statistics theory is so called probabilistic fracture mechanics. The residual fatigue life assessment based on probabilistic fracture mechanics is a method to evaluate the residual fatigue life of the structure by considering the random parameters as statistics with a certain statistical distribution.
From section 1, the fatigue crack growth life is Table 4 , and the probability-life curve is shown in Figure 3 . Note: "stationary-rising-stationary-down-stationary" is recorded as 1 time. From data in Table 4 , the reliability-life curve of inner rod approximates the expression: 
